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1. Introduction 
Although several of the proteins present in the 
outer membrane of Gram negative bacteria re known 
to constitute phage receptors [1,2], in no instance has 
the exact site recognized by these phages been identi- 
fied. The identification of these sites should provide 
information ot only on the nature of phage-receptor 
interactions, but also on the structure-function rela- 
tionships in outer membrane proteins, which have 
biological roles in addition to being phage receptors 
[2,3]. Here we report on the identification of part of 
a phage binding site on the iamB protein of Escheri- 
chia coli. 
The product of gene lamB is a 50 000 Mr maltose- 
inducible protein which facilitates the diffusion of 
maltose and maltodextrins across the outer mem- 
brane 14-61. In addition it serves as a receptor for 
phages X, KIO and TPI 17-91. As a first attempt o 
locate the different functional sites on this polypep- 
tide we have studied the binding site for phage KlO. 
Mutations peci~c~y affecting this site should 
render the cells unable to adsorb K10 without alter- 
ing the other functions of the lamB protein. Such 
mutations were obtained and genetically mapped in 
[8]. The exact location of some of these mutations 
has now been determined by using DNA-sequencing 
techniques. 
2. Materials and methods 
2.1. Transfer of the rn~t~tio~~ onto a h tmn~d~~ing 
phage 
The structure of phage hpm& lac 863 (con- 
structed by J. M. C., unpublished) isshown in fig.1. 
Deletion maZBA500 which corresponds to the 745 
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Fig.1. Genetic location of the KlO-resistant-h-sensitive 
mutations. The mutations (x) all map in the same deletion 
interval of IamE [ 8,111. This interval islimited on one side 
by a Sal1 site since the deletion ending at that point was 
constructed in vitro using the Sal1 enzyme [lo]. The posi- 
tions of the other SalI site and of the HaeII site were also 
determined in [lo]. The mutations were recombined onto 
hpmaIBlac863. The direction of sequencing is shown by the 
interrupted arrow. Primes, as in ‘la&! or 1acY’indicate that 
the genetic region referred to is deleted on the side the prime 
is written. The arrows indicate the directions of transcription 
of the mnf operons. 
basepair SalISaZI fragment [lo] was transferred 
onto this phage by homogenization. The resulting 
phage was used to lysogenize astrain carrying 
malBA12 which encompasses the whole 1amB gene 
[ 111. The KlO resistant mutations were transduced 
into this lysogen by using Pl stocks grown on strains 
pop. 1433,1434,1435,1437 and 1442 [8], the selec- 
tion being for growth on maltohextrins, essentially as 
in 1121. The prophages present in these transductants 
were verified to carry the KlO-resist~t mutations. 
2.2. DNA sequencing 
The phages carrying the mutations were thermo- 
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induced, and purified on CsCl gradients. Their DNA 
was phenol extracted and hydrolyzed with the Sal1 
enzyme (Boehringer). The 745 basepair f agment 
was purified in each case by electrophoresis on a 
5% polyacrylamide gel and 5’-labeled using [~-~~pl- 
ATP (Amen&am, >3000 Cilmmol) and T4 polynu- 
cleotide kinase (a gift of M. Katinka). It was then 
treated with the Hue11 enzyme (New England Bio- 
labs), and the smaller HaeILWI fragment (-250 
basepairs) was purified and sequenced using the 
technique in [ 131. 
3. Results and discussion 
Most of the KlO-resistant 1umB mutants are also 
resistant to h and TPl and, in addition, are unable to 
grow on maltodextrins ([8], M. R. unpublished). How- 
ever, after mutagenizing with ethylmethane sulfonate 
(EMS) we isolated KlO-resistant, but h-sensitive 
strains which grew like the wild-type on maltodex- 
trins, and whose lamB protein interacted normally 
with A in vitro [8]. These mutants represented only 
l-2% of all KlO-resistant .lamB mutants obtained 
after EMS mutagenesis. The mutations present in 
6 of these strains have been mapped and found to 
lie in the same region of the 1amB gene [8]. This 
region is located in a 745 basepair SalI-SalI DNA 
fragment (tig.1). Five of the mutations (ZamB N33, 
N34, N35, N37 and N42) were recombined onto a 
A-transducing phage carrying gene iizmB, and the 
SuZL!WI fragment was purified from the DNA of 
each of the resulting phages. A 250 basepair HaeII- 
WI subfragment carrying the mutation was then 
sequenced as in [ 131. The wild-type sequence was 
determined in the same way, and the results were in 
agreement with data obtained by sequencing both 
strands using the techniques of Maat and Smith, and 
of Sanger et al. (J. M. C. and Maurice Hofnung, in 
preparation). 
In 4 of the mutants, the only change in the HaeII- 
Sal1 fragment was found to be a GC-AT transition 
at the same location. The deduced amino acid change 
is from serine to phenylalanine at position 154 in 
the mature polypeptide chain. The fifth mutation 
corresponds to an AT-GC transition in the next 
codon, leading to a change of phenylalanine into a 
serine (tlg.2). The nature of the base changes i in 
agreement with observations regarding the mechanism 
of EMS-induced mutagenesis [ 141. The results in fig.2 
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Fig.2. The wild-type nucleotide sequence of the SolI end of 
the HaelI-Sal1 fragment is given, together with the corre- 
sponding amino acid sequence. Only the DNA strand with 
the same polarity as the message is shown. The reading frame 
can be deduced from the sequence shown since there are 
nonsense codons (underlined) in the two other frames. The 
Sun site is known from [ 161 to be located in a region corre- 
sponding to amino acids 180-200 in the mature protein. The 
exact numbering of residues, as shown here, was deduced 
from the sequence of the whole gene (J. M. C. and Maurice 
Hofnung, in preparation). The codon and amino acid changes 
resulting from the mutations are indicated under the sequence. 
The nucleotide change in codon 154 was found in 4 mutants 
(In& N33, N35, N37 and N42) and that in codon 155 in 
one mutant (krmB N34). 
clearly demonstrate hat the amino acids at positions 
I54 and 155 play a crucial role in the interaction of 
the ZunrB protein with phage KlO. They probably 
constitute part of the binding site for this phage. 
However, it is also possible that instead, KlO binds 
to a site located in the vicinity of Ser 154 and Phe 
155, and whose conformation is altered by the above 
amino acid changes. According to the model devel- 
opedin [15] the change of Phe 155 to Ser would be 
expected to alter the secondary structure of the poly- 
peptide from residue 159-161 (Bg.3). It seems 
likely that the portion of the lamB polypeptide 
shown in fig.2 bears part of the binding site for phage 
KlO, and is therefore most probably located at the 
outer surface of the cell. This region may be the only 
one which specifically interacts with KlO. Indeed, 
KlO-resistant-h-sensitive mutations, such as those 
described here, are very rare [S], and it is striking 
that the 5 studied are located in the same very 
small region of the ZumB gene. However it is possible 
that alterations located elsewhere but leading to the 
same phenotype could be uncovered by using other 
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Fig.3. Amino acid sequences and predicted secondary struc- 
tures in the relevant regions of wild-type and mutant ZumB 
proteins. The predictions were made according to the direc- 
tional method in [ 151 which takes into account the nature of 
eight amino acids on each side of any given residue. The 
symbols E, T and C stand for extended or p sheet, reverse 
turn, and random coil structures, respectively. The fourth 
possible conformation, o helix, was not found in that small 
region. 
mutagens [ 141. Additional regions of the polypeptide 
probably interact with phage Kl 0, but in a less 
specific way, being also part of the binding site for 
phage h and/or TPl . Unfortunately, the mutations 
leading specifically to an alteration in those regions 
would be pleiotropic (KlO-resistant and &resistant, 
for instance) and may be difficult to distinguish from 
those affecting the conformation of the protein in a 
less localized fashion. 
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